A calculation method to determine r-ray peak efficiency was developed, which was based on numerical integration of peak efficiency calculated by r-ray path length through a Ge detector. The calculation needs some physical parameters of a Ge detector, such as crystal size and dead layer thickness, sample size and elemental composition of sample matrix, and one or two experimentally obtained peak efficiency for normalization.
Introduction
In usual r-ray spectrometry for environmental radioactivity analysis1), a lot of standard sources are used for the calibration of peak counting efficiency for volume samples. It is not always possible to prepare the standard sources incorporated with various nuclides emitting r-rays in wide range of energy, which is available for long period of use. While, various computer codes of Monte Carlo calculation3)-11) have been developed and used to determine peak efficiency of Ge detector. At present days, a commercial system12) based on Monte Carlo calculation is available for wide application, not only in laboratory but also in situ r-ray spectrometry. However, it is not always possible to use these codes for usual r-ray spectrometer systems using a personal computer (PC), because of insufficient power for calculation by PC. These problems on peak efficiency determination by experimental method using many standard sources or by Monte Carlo method would be solved by the present method based on numerical calculation of peak efficiency.
The calculation2) of peak efficiency for a point source which is placed on the axis of Ge crystal has been applied to many Ge detectors with different sizes (relative efficiency= 10 -37%), and the calculated peak efficiencies agreed well with those obtained from measurement using the standard sources in energy region of 60 keV -2.75 MeV. •¬(4)
Where, ND is a normalization factor. •¬ (7) 2.4 Calculation of peak-to-total ratio
The following approximations and/or assumptions about peak-to-total ratio were introduced to calculate peak efficiency. •¬ (8) where, Y =1n (E) . 
Peak efficiency for a point source
To examine the calculation method, the following measurements were carried out using the several standard point sources. (1) There may be errors in crystal size, crystal distance to end-cap and dead layer thickness.
Errors in crystal diameter and crystal distance, in As to off-axis profiles, it were usually similar to the normal distribution function16),17), and the relation between logarithmic value of peak efficiency and off axis distance square can be approxima- On account of several approximations introduced in the method and uncertain parameters on a Ge detector, it may be not easy to obtain the absolute values of peak efficiency. Therefore, the calculated peak efficiency must be normalized to an experimental value for the specific energy (2) Self-absorption effect can be easily corrected in any kind of sample matrix by giving the elemental composition and the observed density. (4) Time needed to calculate a value of peak efficiency, using a PC, is shorter than 1 s. 
